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Therefore, we clustered primary turns based on a cloud of data points specifying when a turn was initiated as well as the magnitude and direction and of the turn: (T turn,j , ∆θ j ), where where j = 1, 2, . . . indexes the turning phase.
The free split merge expectation maximization (FSMEM) algorithm [1] was applied to this cloud of (T turn,j , ∆θ j ) data points to cluster turns associated with primary and secondary responses (1) . It is important to note that we used the digitally low-pass filtered data for ω(t) to determine the time at which a turn was initiated. Given the smoothing inherent with filtering, some response times were marked as occurring before the actual onset of stimulus delivery (t = 3000 ms).
Details of the FSMEM algorithm can be found in [1] . Briefly, the algorithm assumes a mixture of Gaussians can appropriately model the cloud of 2-D data points, and the number of clusters dynamically updates.
One important modification we made to increase the chances that proper clustering occurred was to initialize the process with a judicious selection of means and standard deviations. This was done by implementing the minimum error thresholding [2] on a histogram of the times at which turning phases were initiated ("Time response initiated" in Figure 1 ). This method yields an initial threshold value partitioning the cloud of data points into 2 clusters. The centroid and standard deviation in along both dimension (turn angle and response initiation time) was computed for each subset of points and passed into the FSMEM algorithm. In practice, the initial threshold selection made a good first approximation clusters differentiating the primary and secondary (and higher order) turning phases. This fully automated modified FSMEM method succeeding in properly identifying primary turns in the majority of cases. In some rare case, we had to use a semi-automated method to correct FSMEM clustering. In summary, FSMEM was highly beneficial for rapid and automated identification of turning phases. 
Locomotor metrics: sources of variation
Given the significant variation observed pooling results across all test subjects, it is natural to quantify the intrasubject variation: How much jitter is observed in the response to repeated presentations of the same stimulus for a single test subject?
For each test subject, we computed the standard deviation (S.D.) to repeated stimuli with constant parameters (Fig. 2) . Although the distribution of response metrics may not strictly follow a normal distribution, the S.D. can still provide a reasonable estimate for the width of the S-R distribution for a single test subject. For example, for bipolar 2V, 50 Hz voltage pulses, the turning rate ∆ω avg is distributed over a (median) width of ±27.1 deg/s, while the ∆θ is distributed over a (median) of about ±80 deg. In large part, intrasubject variation accounted for the group variation shown in the main manuscript, Fig. 7 .
Overall, no set of stimulus parameters offers clearly better precision in responses to repeated stimuli. It was also apparent that some test subjects exhibited very regular responses (less jitter), while others were more highly variable. Subjects with more predictable responses (less jitter) are desirable, but it is not clear to identify such subjects a priori. 
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